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2.0  Abstract 

This Quality Assurance Project Plan (QAPP) details a long term status and trends monitoring study 
for small streams in the Puget Lowland as part of Stormwater Action Monitoring (SAM) program. 
SAM is the regional stormwater monitoring program funded by the Phase I Municipal Stormwater 
permit and the Western Washington Phase II Municipal Stormwater permit permittees.  

This study of small streams in the Puget Lowland Ecoregion (called Puget Small Streams, PSS study, 
or SAM_PSS study hereafter) ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ŀƴǎǿŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴΣ άAre regional conditions in 
receiving water quality and biota improving in concert with broad implementation of required 
ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎΚέ  

In 2015, the first round of monitoring evaluated the condition (status) of streams (DeGasperi et al., 
2018). Beginning in 2020 and thereafter this study will monitor streamsΩ changes over time in 
urban, urbanizing and rural areas of the Puget Lowland.  

The PSS study design is a random probabilistic survey design, like the previous monitoring in 2015, 
with some design adjustments to increase statistical power and monitoring efficiency. Beginning in 
2020, the core monitoring design has been adjusted as follows:    

¶ Candidate sampling sites (master points) in the Puget Lowland ecoregion have been 
redrawn using updated high-resolution National Hydrography Dataset (NHD) layer.   

¶ The study area is stratified into four different groups(strata) by percent impervious 
surfaces cover of contributing watershed to each master point. Sampling sites are selected 
per each impervious strata separately.  

¶ Sampling will be conducted every year at selected sites. Selected 33 sites each year will be 
a combination of new and revisited sites to improve status assessment and trend 
detection power.  

¶ Sampling will be conducted once in summer, which focuses on Watershed Health 
monitoring with key sediment and water quality parameters.  

¶ Reference condition sites will be monitored every year to establish a better comparison of 
the results from the annual sampling ǎƛǘŜǎ ǘƻ ŀ Ψ ƭŜŀǎǘ ŘƛǎǘǳǊōŜŘΩ ŎƻƴŘƛǘƛƻƴ.  

¶ Water level (stage) of each sampling site will be monitored continuously for one water 
year prior to the summer sampling event.  

 
The PSS will follow the protocols developed for the on-going statewide stream health monitoring 
program-Status and Trends Monitoring for Watershed Health and Salmon Recovery (WHSR) for 
physical habitat, biological measurements, except for minor changes to water quality parameters 
to better capture the stormwater-related chemistry signals. In addition this effort will sample 
sieved sediments for stormwater-related chemistry signals.   

This QAPP ensures quality data collection, analysis, reporting and management of the SAM PSS 
monitoring study.  
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3.0 Background  

3.1 Introduction  

The Phase I Municipal Stormwater permit and the Western Washington Phase II Municipal 
Stormwater permit, S8. Monitoring and Assessment provides an option for the permittees to 
commit financially to a collaborative regional stormwater monitoring program (Stormwater Action 
Monitoring, SAM) to satisfy the permit monitoring requirements. SAM has three focus areas for 
monitoring: effectiveness studies, source identification projects, and status and trend monitoring 
of receiving waters of small streams and the marine nearshore.  

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ǎǘŀǘǳǎ ŀƴŘ ǘǊŜƴŘ ƳƻƴƛǘƻǊƛƴƎ ƛǎ ǘƻ ŀƴǎǿŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴΥ ά!ǊŜ ǊŜŎŜƛǾƛƴƎ ǿŀǘŜǊ 
quality and biota getting better or worse in response to continuous stormwater discharge and 
broad implementation of required stƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎΚέ   

Urban development and subsequent stormwater discharge can drastically alter watershed and in-
stream physical habitat, stream channels, flow patterns and water chemistry. To date, urban 
development has resulted, in differing degrees, in degraded conditions of streams in urban or 
urbanizing areas. The impacts of stormwater on receiving waters in Western Washington vary 
geographically due to differences in local landuse, watershed forested condition, hydrologic 
patterns, use of stormwater infrastructure, existing condition, and type of receiving waters.  

This monitoring aims to assess unbiased regional status and trends of streams and to identify key 
stressors driving good or poor stream health across the region. This study will therefore provide 
feedback and guidance to permittees and the region to improve stormwater management and 
protect receiving water. 

3.2 Study area and surroundings  

3.2.1  History of study area 

Western Washington, particularly the Puget Lowland ecoregion is experiencing increased human 
population pressure, landuse changes, and urban development. The Phase I and II municipal 
stormwater permits (including WSDOT) require flow control and treatment for new and re- 
development to reduce stormwater runoff and pollutants to receiving waters. Other permit 
requirements aim to find and control sources of pollutants to the stormwater system. By 
implementing multiple stormwater management activities, Ecology and the permittees are 
attempting to reduce stormwater impacts. The Puget Lowland ecoregion captures much of the 
urban and urbanizing areas within Phase I and II western Washington coverage and is the focus 
area of this study (Figure 1 and Figure 2). Another small stream status and trend study is being 
developed for southwest, Lower Columbia River region of Washington that covers the other Phase I 
and II western Washington permittees.  
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Figure 1.  Western Washington Municipal Permit Areas within Puget Sound region 
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3.2.2  Summary of previous studies and existing data 

Under the 2007-2012 Phase I Municipal Stormwater Permit, six permittees and their co-permittees 
were required to characterize the stormwater quality and quantity from representative municipal 
stormwater discharges from three urban land uses (commercial, residential and industrial) (Hobbs 
et al., 2015). The compiled data findings reported high frequencies of detection of conventional 
parameters, including TSS and nutrients, metals (except mercury), total PAHs, PCB and Bis(2-
ethylhexyl) phthalate. Most parameters showed significant concentration differences between 
those land uses and seasonality with higher concentrations during the dry season (May to 
September) (Hobbs et al., 2015).  

The first year of stream monitoring in 2015 was conducted using a stratified design on inside or 
outside the Urban Growth Area (UGA) (Lubliner, 2014). In 2015, 105 sites were sampled, 
representing a total of 1,668 miles (2,685 kilometers) of wadeable streams in the Puget Lowland 
ecoregion. This first status assessment found that over 80% of the Puget Lowland streams within 
the UGA had poor stream biological health, indicated by benthic invertebrate index of biotic 
integrity (B-IBI), a comprehensive stream health indicator. Key stressors driving poor B-IBI scores 
included watershed-scale tree canopy, riparian scale tree canopy, sediment metal (zinc) 
concentration, and stream substrate characteristics (DeGasperi et al., 2018). 

3.3   Parameters of interest and potential sources 

This study monitors stormwater-related parameters and potential indicators or stressors to stream 
health (Table 1). That includes water and sediment quality, physical stream habitat characteristics, 
biological communities (benthic macroinvertebrates and periphyton) in streams and landscape 
metrics in contributing watershed. The general basis for the parameters for this study comes from 
the experiences of the 2015 study (DeGasperi et al., 2018), 9ŎƻƭƻƎȅΩǎ Watershed Health and Salmon 
Recovery (WHSR), and the stormwater-related parameters listed in Appendix 9 of the Phase I and 
Phase II Western Washington Municipal Stormwater Permits (Ecology, 2019a and b).  

  



Publication 20-10-015 June, 2020 Page 9 
QAPP: SAM_Puget Small Streams 
 

Table 1. Parameters of interest in this study  

Indicator/Parameter Indicator Type 

Temperature 

In-situ 
Stage 

Dissolved Oxygen 

pH 

Turbidity 

Water Quality 

Total Suspended Solids (TSS) 

Dissolved Organic Carbon (DOC) 

Hardness (as CaCO3) 

Chloride (Cl-) 

Total Nitrogen (TN) 

Nitrate+Nitrite (NO3
-+NO2

-) 

Ammonia (NH4+) 

Total Phosphorous (TP) 

OrthoPhosphorus (PO43-) 

Total metals 
(As, Cd, Cr, Cu, Pb, Zn) 

Dissolved metals 
(As, Cd, Cr, Cu, Pb, Zn) 

Fecal Coliform 

E.Coli 

Chlorophyll-a 

Grain Size 

Sediment Quality 

Percent Solids 

Total Organic Carbon (TOC) 

Total metals 
(As, Cd, Cr, Cu, Pb, Zn) 

PAHs1 

PBDEs1 

Phthalates1 

Macroinvertebrate, Periphyton Watershed Health 

Physical habitat measurements2 Physical Habitat 

 

1 Full list of analytes are listed separately in the Table 2. 

2 Physical habitat measurements include diverse metrics to represent the habitat conditions including bank 
measurement, substrate and depth measurements, shade measurement, human influence, riparian vegetation 
structure, thalweg depth measurement, bankfull width, bar width, and wetted width measurements, large wood 
debris, slope and bearing measurements, and side channel and habitat unit descriptions.  
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Table 2. Full list of organics analytes 

Type of Organics Individual Compounds 

Polycyclic aromatic hydrocarbons 
(PAH) 

1-Methylnaphthalene, 2-Chloronaphthalene,  2-
Methylnaphthalene, Acenaphthene, Acenaphthylene, 
Anthracene, Benzo(a)anthracene, Benzo(a)pyrene,  
Benzo(b)fluoranthene, Benzo(ghi)perylene, 
Benzo(k)fluoranthene, Carbazole, Chrysene, 
Dibenzo(a,h)anthracene, Fluoranthene, Fluorene, Indeno(1,2,3-
cd)pyrene, Naphthalene, Phenanthrene, Pyrene, and Retene 
 

Polybrominated diphenyl ethers 
(PBDEs) 

Congener number 47, 49, 66, 71, 99, 100, 138, 153, 154, 183, 184, 
191 and 209 
 

Phthalates 
bis(2-ethylhexyl)phthalate, butyl benzyl phthalate, di-n-octyl 
phthalate, dibutyl phthalate, and diethyl phthalate 
 

 

3.4  Criteria and standards for status assessment 

Stream conditions will be compared to thresholds based on the condition of least-disturbed 
reference sites identified in western Washington (Wilmoth et al., 2015) and the State water and 
sediment standards.    

3.4.1 Least-disturbed reference site data 

As part of a long-term Ecology monitoring program, WHSR, Ecology samples least-disturbed 
reference sites in the Puget Lowland ecoregion annually since 2009 (Table 3). GIS data were 
compiled for all of these sites to provide reference condition levels for land cover data during 
previous SAM stream monitoring (Sheibley et al., 2017). Urban and agricultural area in the 
watersheds of reference sites were less than 10 percent of total land cover. Reference site 
monitoring will follow Ecology monitoring schedule; two to four reference sites will be visited every 
year. Four sites highlighted in the table are scheduled to be sampled in 2020.  
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Table 3. List of reference site in Puget Sound region*  

Location ID Longitude Latitude County 

BIO06600-AUST02 -122.3426 48.7065 Whatcom 

BIO06600-BEEF02 -122.7928 47.62859 Kitsap 

BIO06600-BIGA02 -122.9514 47.56505 Kitsap 

BIO06600-BOYC02 -122.9081 47.60896 Kitsap 

BIO06600-CANY02 -123.1398 48.02311 Clallam 

BIO06600-CHUC02 -122.4883 48.70185 Whatcom 

BIO06600-DEWA02 -123.0257 47.46906 Mason 

BIO06600-DUCK01 -123.0205 47.68127 Jefferson 

BIO06600-HOLD02 -121.9681 47.43431 King 

BIO06600-OYST02 -122.4395 48.61868 Skagit 

BIO06600-SEAB02 -122.8372 47.62811 Kitsap 

BIO06600-TUMW02 -123.4726 48.09074 Clallam 

BIO06600-YOUN02 -121.8251 47.80655 Snohomish 

SEN06600-GRIF09 -121.8849 47.60376 King 

 
*Four sites highlighted in the table are scheduled to be sampled in 2020.  

 

3.4.2 State Water and Sediment Standards  

In addition to using the reference conditions for the ecological status assessment, the water and 
sediment quality data will be compared to state standards, including freshwater designated for 
aquatic life uses (WAC 173-201A-200), toxic substances for aquatic life protection (WAC 173-201A-
240), and sediment cleanup levels based on protection of then benthic community in freshwater 
sediment (WAC 204-563).  

4.0 Project Overview 

4.1  Project goals 

The goal of the SAM stream monitoring is to provide statistically valid estimates of status and 
trends of chemical, physical and biological conditions in small stormwater receiving streams in the 
Puget Lowland ecoregion.  

The probabilistic study design, selected monitoring parameters and indicators, and frequency of 
monitoring are designed to develop unbiased regional assessment of stream health in a cost 
effective way. Findings will inform the permitteeΩs stakeholders, and the public on the urban 
impact to streams and which stressors are largest so that stormwater management decisions can 
be adapted and implemented to protect stream health. 
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The municipal stormwater permittess manage stormwater runoff from new and re-development 
starting in the late 1990s by controlling stormwater volumes and using best management practices 
to provide treatment in order to  reduce water quality impacts from development and maintain  
compliance with the permits, water quality standards, and TMDL implementation. 

4.2  Project objectives 

The objectives of the status and trends program are;   

Implement this probabilistic sampling design that can provide strong status and trends of 
stormwater receiving water in the region.   
Set thresholds for status assessment using reference conditions and Washington state standards.  
Collect and monitor stormwater-related water and sediment chemistry.  
Monitor stream stage and temperature continuously 
Assess biological conditions in small streams using B-IBI and periphyton.  
Incorporate existing land use information and other existing data into the status and trends 
assessment.   
Identify key drivers affecting integrated stream health indicators 

5.0 Organization and Schedule 

5.1 Key individuals and their responsibilities 

The Stormwater Action Monitoring (SAM) program is made up of approximately 1.75 FTE at 
Ecology, and overseen by a municipal stormwater permit focused stakeholder committee called the 
Stormwater Work Group (SWG). SWG authorizes the goals and funds for SAM monitoring.  To 
accomplish the scientific objectives of this streams monitoring study the SAM staff formed a stream 
monitoring team with collaboration from federal, state and local government agencies to conduct 
the field monitoring, chemical analysis, statistical analysis and reporting. United States Geological 
Survey (USGS) will lead the field monitoring while statistical analysis and reporting will be shared 
work between USGS and Ecology (Table 4).  
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Table 4.  Organization of monitoring team members and responsibilities 

Staff Title Responsibilities 

Rich Sheibley 
USGS 
Water Quality and 
Ecosystem Section 
sheibley@usgs.gov  
253-552-1611 

Project lead, Data 
manager 

Review QAPP, conduct site evaluation, 
equipment deployment, field sampling and 
transportation of samples to the laboratory.  
Conducts QA review of data, analyzes, manage 
and interprets data. Writes the draft report 
and final report. 

Keunyea Song 
Ecology-WQP  
Keunyea.Song@ecy.wa.gov 
360-407-6158  

SAM scientist / 
Project manager 

Manages the study, select sampling sites, 
write QAPP, and manage stream study related 
contracts, develop and implement statistical 
approach for status and trends. 

Brandi Lubliner 
Ecology-WQP  
Brandi.Lubliner@ecy.wa.gov 
360-407-7140 

SAM coordinator/ 
Ecology WQP QA 
coordinator 

Review and approve QAPP, oversee SAM 
projects 

Alan Rue 
Ecology ς EAP  
Manchester Laboratory 
Alan.Rue@ecy.wa.gov 
Phone:  360-871-8801 

Laboratory 
Manager  

Review QAPP, coordinate supplies and sample 
delivery with field staff. conduct and 
coordinate laboratory analysis, QC and submit 
results to EIM  

Keunyea Song 
Ecology-WQP  
Keunyea.Song@ecy.wa.gov 
360-407-6158 

SAM Data 
coordinator  

Reviews and QAs EIM submitted results  

Jack Janisch 
Ecology-EAP Section 
Jack.Janisch@ecy.wa.gov 
Phone:  360-407-6649 

Watershed health 
database 
coordinator 

Reviews and QAs submitted results  

 
EIM:  Environmental Information Management database 
EAP: Environmental Assessment Program of Ecology 
WQP: Water Quality Program of Ecology 

5.2 Special training and certifications 

The project lead, field crew, and any staff conducting monitoring will participate in the Watershed 
IŜŀƭǘƘ ǎŀƳǇƭƛƴƎ ŦƛŜƭŘ ǘǊŀƛƴƛƴƎ ŘŜǎƛƎƴŜŘ ŀƴŘ ǇǊƻǾƛŘŜŘ ōȅ 9ŎƻƭƻƎȅΩǎ 9ƴǾƛǊƻƴƳŜƴǘŀƭ !ǎǎŜǎǎƳŜƴǘ 
Program. This training involves actual hands-on field monitoring to ensure completeness and 
comparability of techniques. Also covered is training on the Watershed Health monitoring 
software, tablets for field monitoring, and data uploading to the Watershed Health portal. This 
annual training is held in spring each year before the field monitoring in summer.  

Any necessary training for statistical tools, analyses and data evaluation can be given by SAM or 
other approved staff as needed throughout the monitoring period as technology evolves or as staff 
changes.  
 

mailto:sheibley@usgs.gov
mailto:Keunyea.Song@ecy.wa.gov
mailto:Brandi.Lubliner@ecy.wa.gov
mailto:Alan.rue@ecy.wa.gov
mailto:Keunyea.Song@ecy.wa.gov
mailto:Jack.Janisch@ecy.wa.gov
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5.3 Key monitoring activities and reports  

Table 5.  Proposed schedule for field and laboratory work, data entry into EIM, and reports 

Activities/Reports Description Target Date 

Site evaluation 

Site suitability for sampling including permission, 
accessibility and other criteria will be evaluated and 
finalize the sampling site list through GIS image check 
and site visit. 

June-September, a year 
before the sampling year 

Final site list 
Memo summarizing site evaluation process and final 
site list with detailed information including landscape 
characteristics of each watershed 

September-October, a 
year before the sampling 
year 

Equipment 
deployment 

Pressure transducers to measure stage and 
temperature at each location will be deployed before 
the summer sampling event to capture one water 
year stage data 

September-October, a 
year before the sampling 
year 

Data download and 
maintenance 

Data download and maintenance will be conducted 
as needed (e.g. quarterly). 

Quarterly since 
deployment for a year 
(Oct-Sep) 

Field work completed 
Summer water, sediment chemistry and watershed 
health monitoring will be conducted between July 
and October each year 

July-October each year 

EIM completed 
Fully reviewed, if necessary validated, data will be 
submitted to EIM 

November 30, a year 
after the sampling year, 
starting from 2021 

USGS Data Release 
completed 

Continuous stage and calculated hydrologic metrics 
submitted to ¦{D{Ωǎ Science Base 

Update the stage data 
annually, by November, 
a year after the sampling 
year, starting from 2021 

Annual report (status 
focused) 

Summary of annual monitoring and status 
assessment results done in previous year 

November 30, a year 
after the sampling year, 
starting from 2021 

4-yr status and trend 
report 

Monitoring and statistical status and trend analyses 
results based on 4 water years of data and 2015 data; 
Identification of key stressors to stream health. 
Interaction between landscape information and 
stream health. 

Spring-Summer of 2024 
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6.0 Study Design 

6.1 Study boundaries 

This study targets small (wadeable) streams or rivers in the areas where Puget Lowland ecoregion 
and Puget Sound Salmon Recovery region intersect (Figure 2). Surface water including stormwater 
in most of Phase I and II municipal stormwater permitted area flows into the study area. Federal 
areas are included in this SAM study design.  

 

 

Figure 2.  Study area boundary 
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6.2   Site Selection 

6.2.1 Probabilistic sampling design 

The SAM Puget Small Streams (SAM_PSS) study will continue to use 9t!Ωǎ Generalized Random 
Tessellation Stratified (GRTS) survey design, as was done in 2015, to select spatially-balanced 
random sampling sites in the study frame. The GRTS study design facilitates unbiased extrapolation 
of any measured indicator (biological, chemical, and physical) from the sites sampled to estimates 
of the status of the extent of the whole represented the region, that is, the study area (Figure 2).  

Ecology recently (2019) re-generated the Washington State Master sample points using the high-
resolution (1: 24k or higher) National Hydrography Dataset (NHD) layer (Figure 3). The master 
sample points are potential sampling sites generated at every one kilometer in the streamline 
statewide. In 2015, the SAM streams study used the master sample generated from a medium-
resolution DNR generated flow line layer (1:100K).  
 

 

Figure 3.  NHD flow line within the study frame  


















































































